Introduction
Low back pain has become an endemic disease state throughout many countries and is a leading cause of disability in adults of working age. [1] [2] [3] Eighty percent of all adults are known to have experienced low back pain during their life; 10% of those adults develop chronic low back pain, with the remaining 90% of cases resolving within 6 weeks.
disease (DDD). The relationship between lumbar DDD and low back pain is not clearly understood: back and radicular pain can be present in the absence of distinct morphological changes, yet many patients report no pain even in the presence of advanced degeneration. 5 Although the main factor leading to lumbar DDD is assumed to be genetic, a host of other factors may cause and are associated with low back pain. Previous studies have investigated the magnetic resonance imaging (MRI) features of the lumbar paraspinal muscles (LPMs) in patients with low back pain. [6] [7] [8] [9] [10] The appearance of fatty infiltration in the LPMs on MRI can be quite striking and leads the clinician to wonder whether it is cause or effect and if it could be improved with targeted therapy. A pilot study of ours with a sample size of 79 patients found that the muscle-to-fat ratio in the LPMs did not appear to be related to patient-reported outcome measures (PROMS) for three common lower back pathologies and that the muscleto-fat ratio decreases as age increases.
11 Following feedback, we decided to increase the sample size, narrow the age range, and focus on the associated pathologies of two common conditions: lower back pain secondary to lumbar DDD and radicular leg pain due to lumbar disk herniation. The aims of this study were to describe the fatty atrophy of the LPMs, as determined using MRI, in patients with DDD and focal disk herniation and to determine if fatty atrophy is associated with PROMS. The null hypothesis of our study was that the severity of back pain was not associated with muscle atrophy.
Materials and Methods

Subjects
The selected sample group consisted of 165 patients attending the clinic of a single spinal surgeon. The patients' data was entered into a prospective PROMS database from the national/ public health care sector, which currently contains data for over 1,500 patients. The patients selected for this retrospective study (n ¼ 165, 78 men and 87 women, age range 30 to 50 years) presented with low back pain secondary to lumbar DDD or radicular pain due to focal disk herniations within the lower lumbar disks (L3-S1). Fifty-eight patients had DDD alone (19 men and 39 women), and 107 had lumbar DDD accompanied by a focal disk herniation (59 men and 48 women). Patients with deformity (scoliosis, spondylolisthesis, kyphosis, pars defects) or previous lumbar spine surgery were excluded from the study. The selection process was not randomized because all patients who fulfilled the criteria and had an MRI of the lumbar spine were included.
The patients completed a standard PROMS questionnaire including visual analog scale (VAS) for back (10 possible points), VAS for leg (10 possible points), Oswestry Disability Index (ODI; scored in percentage), 12 EuroQol-5D (Eq-5D) VAS (self-rated health index, scored in percentage), Patient Health Questionnaire-9 (depression index, 27 possible points),
13
Generalized Anxiety Disorder-7 (anxiety index, 21 possible points), 14 and Surgical Expectation Scores.
15
Degenerative changes of the intervertebral disks of patients were quantified by measuring the disk height reduction and the loss of signal intensity as compared with the normal disks above, and T2-weighted images were used to identify focal disk herniations. The study was approved by the University Health Board.
Magnetic Resonance Imaging
MRI examinations were performed using a 1.5-T MRI. Musclerelated measurements were obtained on axial MRIs, with sagittal cross-references made to the relevant midintervertebral disk at the L3-L4, L4-L5, and L5-S1 levels of the lumbar spine (►Fig. 1). The lower three levels were chosen because routine MRI scanning in our institution always attains axial images of Fig. 1 An example of the axial and sagittal images side by side at the L4-L5 level.
Global Spine Journal Vol. 6 No. 4/2016 these levels, which also represents the most common levels for degenerative disk pathology. Each slice was 4-mm thick with a 0.5-mm interval, and the resolution of these images was 384 Â 286 pixels. MRI was used to measure the morphology of the LPM, with its subunits of psoas major, the lateral erector spinae muscles (iliocostalis, longissimus, semispinalis), and the medial short segmental stabilizer group, which is predominantly made up of the multifidus. T2-weighted fast spin echo images were used to analyze fat infiltration of the left and right psoas major, erector spinae, and multifidus in isolation at the respective intervertebral disk levels. The subcutaneous fat thickness at each level was measured using an electronic caliper. Three measurements were taken at each level: one from the center of the intervertebral disk to the skin, and the other two from the left and right edges of the disk, on either side of the central measurement.
Quantitative analysis of nonmuscular (fat) infiltration was estimated using the Cavalieri approximation principle. 16 In this systematic random approach, section cuts are taken to estimate the surface area, independent of the volume. At a set magnification, a grid of 18 Â 27 points, each 1 cm apart, was randomly applied to the middiscal T2-weighted axial scans at the L3-L4, L4-L5, and L5-S1 levels (►Fig. 2). The number of points touching muscle and fat in the left and right psoas major, erector spinae, and multifidus muscles were recorded (►Fig. 3). The left and right sides were recorded together and not in isolation because the pilot study showed no difference between sides. 11 ►Figs. 4 and 5 show the parameters and boundaries measured. This method was chosen as an alternative to commercially available software predominantly for financial reasons but also to minimize inclusion of fat outside the boundaries of the irregular muscle outline. We defined fatty atrophy as the process within the muscle bulk itself and not fat surrounding the targeted muscles. The lead researcher performed the initial measurements. Repeat measurements were performed on 20 of these patients by a senior consultant spinal surgeon. Intraclass correlation coefficient and Cronbach's alpha values were calculated to grade the reproducibility of the study, which ranged from fair to strong at each level. These can be seen in ►Table 1.
Statistical Analyses
The software SPSS20 was used for statistical analyses (IBM, Armonk, New York, United States). The demographic sample sizes for each group were calculated, as were the corresponding means and 95% confidence intervals. One-way analysis of variance, paired t tests, and Pearson r were used to compare the muscle-to-fat ratio at each level to the respective PROMS. The analysis of variance tested for differences among the groups at each different level (avoiding multiple two-sample t tests, which would increase the chance of committing a type 1 error). The paired t test assumed the data was normally distributed and was used to compare observations at one level to those at another level. The Pearson r test was used to assess the linear correlation between the muscle-to-fat ratio Fig. 2 Quantitative analysis of fat infiltration using the set grid. at each level and the respective PROMS scores, and p values were considered significant at less than 5%. No power calculation or sample size was calculated as there was little literature on the topic; all of the cases from the database were used, and the sizes exceeded 50 in each group (which was assumed to be satisfactory).
Results ►Table 2 highlights the demographic and PROMS data for the two patient groups. The DDD group had a higher female-tomale ratio (p ¼ 0.006), a significantly higher proportion of patients receiving disability benefits (p ¼ 0.001), and worse Eq-5D VAS scores (p ¼ 0.040). The disk herniation group had worse VAS leg scores (p ¼ 0.004) and higher surgical expectation scores (p ¼ 0.032).
The difference in the subcutaneous fat thickness between the two groups at the level of L3-L4, L4-L5, and L5-S1 intervertebral disks are shown in ►Table 3. Analysis demonstrated that the difference in fat thickness was significant at all levels (p < 0.005); those with DDD alone, however, had significantly more subcutaneous fat compared with those with disk herniations.
There were no statistically significant differences in the fat infiltration of psoas major, erector spinae, and multifidus at any of the three lumbar levels between the two patient groups (►Table 4). Comparatively, between the two groups the muscle-to-fat ratio and measured muscle remained consistent at each level. The greatest fatty atrophy was seen in the erector spinae at the disk level L5-S1 with only 65 and 61.6% muscle in the DDD and disk prolapse groups, respectively. Minimal changes in fat infiltration were noted in the psoas major at all levels, with the percentage of muscle remaining above 90% in both groups.
►Fig. 6 shows that the muscle-to-fat ratio of the psoas major increased as we descended intervertebral disk levels. This increase is in direct contrast to the erector spinae and multifidus where the muscle-to-fat ratio decreased on descending intervertebral disk levels as shown in ►Figs. 7 and 8. The most significant differences occurred in the erector spinae between L3-L4 and L4-L5 and between L4-L5 and L5-L1 levels in patients with DDD and disk herniation (p ¼ 0.005 and p < 0.001).
On analysis of the average muscle-to-fat ratio with the PROMS for patients with DDD (►Table 5), only age seemed to be related to fatty infiltration at the L3-L4 level. The fat thickness corresponded to the average subcutaneous fat of all nine measurements as three independent measurements were performed per intervertebral level.
►Table 6 shows the comparison of sex and disability benefits (binary markers). In the DDD patient group, more subcutaneous fat was associated with disability (p < 0.001), which is highlighted in ►Fig. 9. In both the DDD and disk herniation groups, women had more subcutaneous fat than men (p ¼ 0.013 and p < 0.001, respectively). There also was a marked difference in the muscle-to-fat ratio between men and women at the level of L5-S1 (p ¼ 0.003 and p < 0.001, Table 1 Intraclass correlation coefficient (ICC) and Cronbach's alpha (CA) for psoas major, erector spinae, and multifidus at L3-L4, L4-L5, L5-S1 intervertebral levels
Psoas major
Erector spinae Multifidus Fig. 6 The mean muscle-to-fat ratio of psoas major at L3-L4, L4-L5, and L5-S1 for patients with and without disk herniations. Abbreviations: CI, confidence interval; PSMFR, psoas major muscle-to-fat ratio. Fig. 8 The mean muscle-to-fat ratio of multifidus at L3-L4, L4-L5, and L5-S1 for patients with and without disk herniation. Abbreviations: CI, confidence interval; MTMFR, multifidus muscle-to-fat ratio. Fig. 7 The mean muscle-to-fat ratio of erector spinae at L3-L4, L4-L5, and L5-S1 for patients with and without disk herniation. Abbreviations: CI, confidence interval; ESMFR, erector spinae muscle-to-fat ratio. Table 5 Average muscle-to-fat ratio of erector spinae and multifidus versus PROMS for patients with DDD at L3-L4, L4-L5, and L5-S1 levels, and the average subcutaneous fat thickness of all three levels Abbreviations: DDD, degenerative disk disease; Eq-5D, EuroQol-5D; GAD7, Generalized Anxiety Disorder 7-item; ODI, Oswestry Disability Index; PHQ, Patient Health Questionnaire-9; PROMS, patient-reported outcome measures; r, Pearson r; VAS, visual analog scale. Fig. 9 The mean fat thickness between those with and without disability benefit in patients with DDD. Abbreviations: CI, confidence interval; DDD, degenerative disk disease.
respectively) in both patient groups. Men had a significantly higher muscle-to-fat ratio than women at this level, which is demonstrated in ►Table 6. On comparing the average muscle-to-fat ratio to PROMS in patients with disk herniation (►Table 7), the only statistically significant value was age with a strongly negative Pearson correlation. This fact highlighted that as age increased, the muscle-to-fat ratio decreased, with greater fat infiltration at the L3-L4 level.
Discussion
Studying the LPMs in patients with low back pain is compelling, as they may be not just an expression of an underlying spinal disability but also a source of back pain. A better understanding of the role of LPM dysfunction would potentially increase therapeutic effects by enabling the most appropriate treatment strategy to be performed, whether physiotherapy, paravertebral injections, acupuncture, osteopathy, or surgery. The less effective the treatment strategy, the longer the individual will be disabled by back pain, which will result in an increase in health care cost. The majority of the cost of back pain, estimated to be £500 million annually to the National Health Service in the United Kingdom, is from the small proportion of individuals with chronic symptoms. Therefore, the clinical relevance in studying the LPM for early therapeutic intervention is clear: to reduce the widespread burden of low back pain.
17
To our knowledge, this study is the first to examine correlations of the muscle-to-fat ratio of the LPMs to PROMS scores in patients with lumbar DDD and focal disk herniations. We chose these two patient groups because disks that herniate underlie degenerative pathomechanisms similar to that of lumbar DDD, and furthermore, they share similar management strategies of their associated low back pain symptomatology. Consequently, the rationale to focus on the two pathologies of lumbar DDD and disk herniations arose from their commonalities, along with their high prevalence.
MRI was of interest to us because it shows morphological changes affecting muscles in a noninvasive way, and changes in the muscle-to-fat ratio seen in fatty atrophy are characterized by a decrease in muscle bulk with an increase in fat infiltration, a phenomenon often referred to as "marbling." PROMS questionnaires are attempts to measure the outcomes most relevant to patients in a standardized and validated form. Clinicians' understanding of the effect of disease and treatment on patients' daily lives remains incomplete. 18 The use of PROMS in everyday practice has the potential to narrow the gap between the clinician's and the patient's view of clinical reality and help tailor treatment plans to meet the patient's preferences and needs.
19
The evidence shows that the systematic use of PROMS information leads to improved communication and decision making between doctors and patients and improves patient satisfaction with care.
20 Table 6 Average muscle-to-fat ratio of erector spinae and multifidus and average fat thickness of all three levels versus sex and disability benefit between patients with lumbar DDD and patients with disk herniation We found that the muscle-to-fat ratio is not significantly related to PROMS and that there was no difference in the ratio between the DDD and disk herniation subsets. However, interesting findings were noted regarding the subcutaneous fat thickness, which was significantly greater in patients with low back pain (DDD) compared with those with disk herniations.
Parkkola et al found that the psoas major muscle of patients with chronic low back pain was smaller compared with healthy subjects. 6 Although our study did not compare healthy patients, our data did not support Parkkola et al, 6 because we found that the muscle-to-fat ratio of the psoas major remained consistently above 90% for all three levels in both conditions. As expected, we found that the muscle-to-fat ratio of the psoas major increased with descending levels from L3-L4 to L5-S1 and that the muscle-to-fat ratio of the erector spinae and multifidus decreased as the muscle bellies thin out while inserting on the lower lumbar vertebrae. We also analyzed the cross-sectional area muscle and crosssectional area fat and muscle together and found no significant relationships at any level for any muscle group. These findings lie more in concordance with the results of Danneels et al, 1 who
reported no significant decrease in the cross-sectional area of erector spinae muscles for patients with chronic low back pain. Previous studies have established that the short segmental LPMs are recruited to control rotation and stabilization to support spinal stiffness. As a result, changes in the composition of these muscles would likely impede intervertebral stability, in turn causing spinal dysfunction and low back pain. According to Hides et al, 21 the mechanism of the muscle wasting was not generalized disuse atrophy or spinal reflex inhibition. The wasting was thought to be because of inhibition due to perceived pain, via a long loop reflex targeting the vertebral-level pathology to protect the damaged tissues. However, why changes in the muscle-to-fat ratio did not correlate to the incidence of disk herniations must be ascertained. The reason is likely due to the fact that disk herniations usually occur as an acute event. The DDD cohort on average had back pain for more than 2 years before seeing the consultant spinal surgeon, compared with the disk prolapse cohort who had pain for less than 1 year. Therefore, there would be less time for the fatty atrophy to manifest in the disk herniation group. This time course was illustrated by Hodges et al, 22 who performed a case-control animal study to assess the structural changes in muscle, adipose, and connective tissue of the back muscles after intervertebral disk injury. They found that following injury, several cytokines (tumor necrosis factor α and interleukin-1β) and molecules are released that signal trophic/atrophic processes, resulting in increased adipose and connective tissue cross-sectional area at 6 months but not at 3 months following injury.
Kjaer et al noted that over time, the size and properties of the lumbar muscles in patients with low back pain are altered, and structural changes are seen in muscle degeneration. 23 These changes are defined by a decrease in the amount of muscle, accompanied by an increase in fat infiltration. 24, 25 The most significant changes of fatty atrophy occur in the erector spinae muscles. In addition to trunk movement, the other important function of the erector spinae muscles is to act as global stabilizers of the spinal column by generating force to control the range of spinal movement through eccentric contractions.
26
Furthermore, the process of intervertebral disk degeneration can also lead to morphological changes in the psoas major muscle. This muscle assists lumbar stability and helps to keep the body erect in all three planes (frontal, horizontal, sagittal), as well as being a significant hip flexor. 27 It is therefore not surprising that changes in the cross-sectional diameter of both the erector spinae and the psoas major muscles could lead to a loss of proper biomechanics and distort the spine-pelvis complex, hence contributing to low back pain. 28 Immobilization of these muscles due to low back pain in turn would cause fatty atrophy in both the flexor and extensor muscles of the spinal column.
29,30
The perhaps most significant finding of this study was that those patients with lumbar DDD (low back pain) had more subcutaneous fat thickness than those in the disk herniation group. A possible explanation may be due to the extra strain placed on the intervertebral disks, which can accelerate the deterioration of the osteocartilaginous components of the spine, hence contributing to further lumbar back pain.
31 The cause of the increased subcutaneous fat may also be secondary to a lack of exercise as a result of pain. This conclusion is supported by the Medical Research Council trial of an intensive rehabilitation program for patients with chronic low back pain. 32 This finding may have an important clinical implication because it provides evidence that patients with DDD generally are more obese. Therefore, counteracting obesity could reduce the number of patients with DDD and relieve a proportion of the burden on health care payors. It is important to note that our study highlighted that there also was a significantly greater number of patients on disability benefits in the DDD group as compared with the disk herniation group, despite the latter group reporting more leg pain. No power calculation was conducted for our study; however, a recent study published by Teichtahl et al on the fat infiltration of the LPM in patients with low back pain and disability stated that their study was adequately powered with a sample size of 72.
33 Our study has more than twice that number of patients, leading us to conclude that the power of our study should be sufficient. Teichtahl et al concluded that paraspinal fat infiltration was associated with pain, disability, and structural abnormalities in the lumbar spine. 33 This conclusion contrasts with the results of our study; however, they took into account the fat around and outside the muscle bulk, whereas we only counted the marbled fat within the muscle bulk.
One of the limitations of our present study was the absence of a control group, because only patients with DDD and disk prolapse were analyzed. However, because there was negligible change in the composition of the psoas major throughout the study, these measurements served as a indirect measure of comparison. Furthermore, one of our results showed that for both groups, women have significantly more subcutaneous fat than men. However, women naturally have a greater percentage of body fat than men, therefore making it difficult to ascertain how much this gender influence contributes to the result. Although the psoas major, erector spinae, and multifidus were measured separately, we found it to become increasingly difficult to accurately define these boundaries on moving further caudal in the lumbar spine due to blurring of the anatomical landmarks. However, the reproducibility for muscle anatomy at the L5-S1 level was very good.
A pilot study was performed on whether the muscle fat content is associated to PROMS in patients with DDD, L4-L5 degenerative spondylolisthesis (DSPL), and L5-S1 lytic spondylolisthesis.
11 One finding of this study was that there was no difference between the left and right LPM in relation to nonmuscular (fat) infiltration. This finding was corroborated by Hao and Xie, 34 who found that the total cross-sectional area and percentage of fat infiltration area was no different between the left and right sides. As such, the left and right LPMs were recorded together in this study. The pilot study also found no difference in PROMS between the three groups and no association between the muscle fat content and any of the PROMS in any of the groups. The muscle content in the L4-L5 DSPL was significantly less than the other two groups, with the patient age in this group significantly higher than the other two. The muscle content significantly correlated with increasing age in the erector spinae muscles at all levels in all three groups (p < 0.01). The psoas major muscle content was not associated with increasing age except in the L3-L4 and L5-S1 levels of the L4-L5 DSPL group (p < 0.05). This study concluded that muscle fat content in the erector spinae, multifidus, and psoas muscles does not appear to be related to PROMS and that muscle content decreases with age. Given that this pilot study arrived at the same conclusions as ours, these results increase the validity of both studies.
Conclusion
In conclusion, we found no correlation between the MRI muscleto-fat ratio of the LPMs and the PROMS data. However, importantly, we did find that the muscle-to-fat ratio decreases with age and that those patients with more chronic low back pain associated with DDD have more subcutaneous fat. 
Editorial Perspective
This study by Lawrence et al was well received by our reviewers after thorough reworking of the statistical analysis. The study takes a comprehensive view at the potential correlation of lower back muscle health as demonstrated on axial MRI. Indeed, lumbar paraspinal muscles have been long overlooked as a readily available additional source of insightafter all, every MRI scan on its axial images would seemingly allow for assessment of the soft tissue health of its bearer. In reality, this available potentially valuable source of information has been woefully overlooked in over three decades of routine clinical spine MRIs.
The authors deserve praise for being among the very few to have systematically studied the lumbar paraspinal muscle phenotypography using neuroimaging, and moreover, they have attempted to correlate their findings to validated patient-reported outcomes (PRO) scores. This project undoubtedly required a lot of measurement work given the reasonable sample size the authors were able to draw from.
Somewhat surprisingly, the main lumbar soft tissue abnormality the authors detected was not in the muscle quality or quantity but the depth of dorsal subcutaneous fat, which the authors alertly had also measured. Poor PROs indeed correlated positively with increased trunk obesity as expressed in increased subcutaneous fat accumulation. There was also a positive correlation with presence of disability benefits.
As in most studies, our reviewers found some noteworthy opportunities for future investigative improvement. The authors limited their study to patients who were registered in their database under one of two general lumbar spine conditions-DDD and herniated nucleus pulposus. This concept had some appeal as one cohort (the DDD group) would presumably be affected more by chronicity of symptoms compared with the other group (herniated nucleus pulposus group), which would likely present with shorter duration of symptoms. This change in turn would allow for some insights because the duration and type of pain and dysfunction could conceivably be reflected in muscle dysfunction. Our reviewers noted the absence of a "normal" comparison group to establish normative baselines. Moreover, the severity of the DDD group was not establishedfor instance, by reporting on presence of Modic changes or rating severity of disk degeneration with the Pfirrmann scale. Similarly, the duration of clinically significant symptoms was not really reported for either clinical group, which may impact significantly the chronicity of the DDD and that of the herniated nucleus pulposus group. Patients with radiculopathy denervation of semispinalis and multifidus muscles might influence one side disproportionally more than the other.
The other relevant finding was an intuitively clear one, but nonetheless there was a significant impact on nonoperative care. Elderly patients were found to have significant decrease in paraspinal muscle diameter, which if taken together with the insight of progressive sagittal vertical axis loss with aging again drives home the need to enhance postural trunk extension exercises with muscle training in the elderly to minimize the risk of progressive trunk forward tilt. The study likely also reinforces the wisdom of having patients wait for an elective major lumbar procedure until they have lost significant weight and clearance of benefit claims to make sure that that the patient has achieved reasonable weight reduction. The authors have certainly done a very thorough job to try to clarify the correlation of low back pain and a variety of outcomes tests. This study may very well be the start of a more in-depth assessment of paraspinal muscle health and validated rehabilitation effects on serial imaging studies to better express the effects of exercise reactivation and postoperative muscle denervation in patient outcomes.
In the end, this study suggests that we have not missed anything by not paying closer attention to the volume and consistency of the lumbar paraspinal muscles from a preoperative diagnostic method. There are two significant findings: the frequently overlooked health of the lumbar paraspinal muscles as seen on MRI was found to not correlate with standard patient outcomes findings in two common, but different lumbar spinal conditions-the more acute disk herniation and the more chronic disk degeneration. Correlations were identified of poor PROs and increased subcutaneous fat accumulation in patients as well as decreased health of paraspinal muscles in older patients. Increased subcutaneous fat was also found to be correlated to the presence of disability benefits.
